We present iron and α element (Mg, Ca, Ti) abundances for a sample of 15 Red Giant Branch stars belonging to the main body of the Sagittarius dwarf Spheroidal galaxy. Abundances have been obtained from spectra collected using the high resolution spectrograph FLAMES-UVES mounted at the VLT. 
Introduction
The Local Group (LG) is a heterogeneous environment. Galaxies in the LG show a variety of characteristics (e.g. mass, morphology, gas content) and are evolving under different conditions (e.g. in isolation, on strong dynamical interaction). Thererore, in principle, they could teach us about galaxy evolution as much as globular clusters did concerning stellar evolution. Chemical abundances and abundance ratios are key ingredients to study the star formation histories of stellar systems. The modern generation of spectrographs mounted on 8-10 m class telescopes allows to investigate the chemical composition and dynamics of bright stars in LG galaxies but only a handful of stars have been studied so far Shetrone et al. 2003; Bonifacio et al. 2000 Bonifacio et al. , 2004 Fulbright et al. 2004; Geisler et al. 2005; Shetrone et al. 1998 Shetrone et al. , 2001 .
The commonly accepted paradigm (White & Rees 1978 ) predicts the formation of large galaxies from the hierarchi-
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⋆ Based on observations obtained with FLAMES at VLT Kueyen 8.2m telescope in the program 71.B-0146. Correspondence to: lmonaco@eso.org cal assembly of small fragments similar to the LG dwarf spheroidals (dSphs). In this framework, the comparison between the chemical composition of the Milky Way (MW) and LG dSph stars is a first local testbed for the hierarchical merging model. The chemical composition of LG stars turned out to be remarkably different from that of MW stars of comparable metallicities. In particular, LG stars show α element abundance ratios systematically under-abundant with respect to MW stars (see, for instance, Venn et al. 2004; Bonifacio et al. 2004) . The interpretation of this empirical evidence is controversial. Is the hierarchical merging a minor process in the assembly of the MW? Or were the fragments from which the MW formed at early times different from the nowadays recognizable dSphs? The chemical difference between MW and LG stars may reflect an environmental difference between dwarfs accreted at early times (galaxies near the bottom of the pre-MW potential well -dense environment) and the surviving dwarfs (galaxies far from the bottom of the pre-MW potential well -loose environment, but see Robertson et al. 2005; Bullock & Johnston 2004) .
The
Sagittarius dSph (hereafter Sgr, Ibata, Gilmore, & Irwin 1994 ) is a LG galaxy currently experiencing strong and disruptive tidal interactions with It is well-known that the complex stellar content of Sgr (see Monaco et al. 2002; Monaco et al. 2003, 2005, and references therein) is largely dominated by a population of oldintermediate age stars (∼6 Gyr, see, e.g. Bellazzini et al. 1999; Layden & Sarajedini 2000; Monaco et al. 2002) . However, some concerns have been raised on mean metallicity estimates obtained for this population from spectroscopic and photometric works (see, e.g. Mateo et al. 1995; Bonifacio et al. 2000; Cole 2001; Monaco et al. 2002; Bonifacio et al. 2004 ).
The paper is devoted to the assessment of the mean chemical properties of the Sgr dominant population. We present Fe, Mg, Ca and Ti abundances for a selected sample of stars belonging to this population. In a companion paper (Bonifacio et al., in preparation) we deal with the issue of the Sgr metallicity distribution.
[ (Lanfranchi & Matteucci 2003) . Moreover, mean [Fe/H] and [α/Fe] values are key ingredients to derive reliable age estimates from the color-magnitude diagrams.
The paper is organized as follows. In §2 we describe the target selection and the obtained data. In §3 we describe the procedures followed to fix the atmospheric parameters and the chemical analysis. In §4 we compare the results obtained with previous works and in §5 we discuss our findings.
Observations

Target selection, Data and Equivalent Widths
As part of the guaranteed time awarded to the Ital-FLAMES consortium, more than 400 stars were observed in the Sgr dSph (Bonifacio et al. 2005; Zaggia et al. 2004 ) from May the 23th to 27th, 2003, using the FLAMES facility mounted on the VLT . Details on the observations are given in Zaggia et al. (2004) . FLAMES allows to observe 132 targets in one shot using the intermediate-low resolution spectrograph GIRAFFE, plus 8 additional targets using the red arm of the Table 2 . Mean chemical abundances for the program stars. The signal to noise ratio of the coadded spectra and the number of lines used are also reported high resolution specrograph UVES. In this paper we present the results obtained from the UVES spectra.
It is important to recall that a large number of Milky Way foreground stars are present along the Sgr line of sight. In order to optimize the Sgr star detection rate, the target selection for the UVES fibres was performed using the infrared 2 MASS 1 color magnitude diagram (CMD). In fact, in the infrared plane, the upper Sgr red giant branch (RGB) stands out very clearly from the contaminating MW field (see, e.g., Cole 2001) . This also allows a thorough sampling of the Sgr dominant population. In Fig. 1 we plotted the 2 MASS (K; J-K S ) CMD for a 1 square degree area centred on the globular cluster M 54. The heavy continuous line is the selection box. Target stars are plotted as large filled circles. A similar target selection already proven to be very effective in detecting stars belonging to the Sgr Stream (Majewski et al. 2004) .
Target stars are marked as large symbols in the optical CMD plotted in Fig. 2 (Monaco et al. 2002) . In Table 1 we report equatorial (J 2000.0) coordinates and V and I magnitudes for the target stars.
The coordinates in the J2000.0 absolute astrometric system for both UVES and GIRAFFE samples were obtained with a procedure already described in other papers (see, for example, 1 See http://www.ipac.caltech.edu/2mass Ferraro et al. 2001) . The new astrometric Guide Star Catalogue (GSC II) recently released and now available on the web 2 was used as reference. In order to derive an astrometric solution we used a program specifically developed at Bologna Observatory (Montegriffo et al., in preparation). As a result of the entire procedure, rms residuals of ∼0.15 arcsec, both in RA and Dec, were obtained. The quality of the astrometry was confirmed by the successful centreing of the fibres.
We performed the analysis on the spectra reduced with the UVES ESO-MIDAS 3 pipeline. For each pointing, 7 fibres were centred on the target stars while one fibre was used to measure the sky spectrum. Different spectra of the same star were coadded and the resulting signal to noise ratio (S/N) ranges from 14 to 43 at 653 nm (see Table 2 ). UVES spectra have a resolution of R≃43000 and cover the range between 480 nm and 680 nm.
Equivalent widths (EW) were measured on the spectra using the standard IRAF 4 task splot. The Fe, Ca, Mg and Ti line lists as well as the adopted atomic parameters and the measured EW are reported in Table A .2) was adopted for star #3800319 due to the relatively high temperature and gravity of this star in comparison with the other stars in the sample. We analysed interactively the spectral lines. For each line the fit has been visually inspected and adjusted until reaching a satisfying solution.
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Radial velocities and the contaminating Milky Way field
Radial velocities (see Table 1 ) were obtained by crosscorrelating the observed spectra with a rest frame laboratory line list using the recently released software DAOSPEC 5 (Stetson and Pancino, in preparation). The final radial velocities and relative errors were computed using about 150 lines for each star. Geocentric observed radial velocities were corrected to heliocentric velocities using the IRAF task rvcorrect. The DAOSPEC code has the capability to measure the line EWs. However, we stress that we used DAOSPEC only to measure the radial velocities of the target stars. As a check, the radial velocities of a few stars have also been measured using the fxcor IRAF task for Fourier cross correlation. The radial velocities obtained using DAOSPEC and fxcor are identical, within the errors.
All but one (#3600127, v helio =-127.6 km/s, open circle in Fig. 2 ) of the 24 observed stars are indeed Sgr radial velocity members lying within ∼2σ of the systemic velocity as measured by Ibata et al. (1997) . In Fig. 3 we plotted the velocity distribution of the 23 Sgr radial velocity members. The mean velocity (<v r >=143.08±3.2 km s −1 ) 6 and the velocity dispersion of the sample (σ=11.17 km s −1 ) are in good agreement with the values derived by Ibata, Gilmore, & Irwin (1995) and Ibata et al. (1997) .
The MW model of Robin et al. (2003, hereafter R03 ) predicts that in the M 54 line of sight 2% of stars have v r >100 km s −1 , if we consider only stars lying in the same (V, V-K) 7 selection box of the UVES sample. However, the model predicts only a ∼4% of giant stars (log g<4) in the selection box and none of them with v r >100 km s −1 . We checked carefully the 24 stars in the sample and we are confident that all of them are indeed red giant. Therefore, even if the R03 model provides only an approximate description of the MW, there is no reason to expect any MW star among the 23 Sgr radial velocity members in the sample.
M-giants showing TiO molecular bands in the spectra
The coolest (i.e. the reddest) four stars (#2300168, #3600181, #3700055, #4207391, plus symbols at V-I>2.0 in Fig. 2 ) have effective temperatures around 3600
• K and very strong titanium oxide bands (TiO, see Selvelli & Bonifacio 2000; Valenti et al. 1998) in the spectra (see Fig. 4 ). The presence of the TiO bands confirm these stars as M-giants. Such strong molecular bands prevent from a safe derivation of the equivalent widths. Therefore, we do not present the chemical analysis for these stars. In addition, stars #3600073, #3700178, #3800366, #4207953 (plus symbols at V-I<2.0 in Fig. 2 ) show weak but clearly recognizable TiO bands. For these stars we provide only a tentative analysis and the derived abundances will not be discussed. We plan to provide a detailed chemical analysis for these 8 stars by performing spectral synthesis including also the TiO molecular bands.
In the CMD in Table 3 ).
Atmospheric Parameters and Chemical analysis
The UVES spectra of the 19 stars for which the chemical analysis was performed (including also stars having weak TiO bands) are plotted in Fig. 5 .
Effective temperatures and surface gravities
The effective temperatures for the target stars (see Table 1 ) were derived from the (V-I) color assuming a reddening of E(V-I)=0.18 (Layden & Sarajedini 2000) and using the calibration of Alonso, Arribas, & Martínez-Roger (1999) .
We used the Girardi et al. (2002) Age =14.13 Gyr) isochrone for stars #3800199 #3800204 #3800319 and a (Z=0.008; Age =6.31 Gyr) isochrone for all the other stars (continuous lines in Fig. 2 ). These two isochrones fit into the range covered by the target stars on the CMD and the age and metallicity used are also compatible to what expected from previous works (see Monaco et al. 2002; Layden & Sarajedini 2000; Brown, Wallerstein, & Gonzalez 1999; Bonifacio et al. 2004 ).
Model atmosphere and Microturbulent velocities
For each star we computed a plane parallel model atmosphere using version 9 of the ATLAS code (Kurucz 1993) with the above atmospheric parameters. Abundances were derived from EWs using the WIDTH code (Kurucz 1993) .
Microturbulent velocities (ξ) were determined minimizing the dependence of the iron abundance from the EW, among the set of iron lines measured for each star.
In Fig. 6 we plotted ξ as a function of the adopted gravity for the stars studied by Ivans et al. (2001, bottom and for stars in our sample (top panel). A clear trend is present in both the I01 and S03 samples. The same trend is present also in our sample, albeit with a larger scatter. Continuous lines are least square fits to the data points. In the case of our sample the fit was obtained excluding the points having the highest and lowest ξ (2.7 and 0.6 km s −1 ) and the point with the lowest surface gravity (log g=0.41). As can be seen, the three fitting lines are very similar to each other. A weak dependence of the ξ from the effective temperature was found and it can be safely neglected as a first order approximation. For stars #2300127, #2300215 and #3800319 (filled circles in fig. 6 ) the ξ is 2.7, 2.5 and 0.6 km s −1 , respectively, i.e. more than 2-σ far from the fitting relation. When working with low S/N, highly crowded spectra, it is difficult to measure weak Fe lines accurately. This may lead to incorrect ξ. Thus, for stars #2300127, #2300215 and #3800319 we adopted the value obtained from the fitting relation ξ=-0.35×log g+2.29, i.e. ξ=2.0, 1.9 and 1.9 km s −1 , respectively. 
Chemical Abundances
The atmospheric parameters (T e f f , log g, ξ and the assumed global metallicity [M/H]) adopted for the program stars are reported in Table 1 Table 2 we also reported the number of lines used to obtain the mean abundance for each species. The line scatter reported in Table 2 should be representative of the statistical error arising from the noise in the spectra and from uncertainties in the measurement of the equivalent widths.
Under the assumption that each line provides an independent measure of the abundance, the error in the mean abundances should be obtained by dividing the line scatter by √ n (where n is the number of measured lines) and by adding to this figure the errors arising from the uncertainties in the atmospheric parameters. In Table 4 we report these latter errors in the case of star #3800318, taken as representative of the whole sample.
In Fig. 7 we plotted the metallicity distribution obtained. Our sample spans a rather large metallicity range (- should be representative of the Sgr dominant population, we obtain a mean value of <[Fe/H]>=-0.41±0.20.
In Fig. 8 , we also obtain a mean value of <[α/Fe]>=-0.17±0.07 for the dominant population.
Following Salaris, Chieffi & Straniero (1993) , these values correspond to a global metallicity 10 of [M/H]=-0.51, which is in good agreement with the recent photometric estimate by Monaco et al. (2002) .
Notes on Metal poor stars: #3800199, #3800204,#3800319
The three most metal poor stars (#3800199 #3800204 and #3800319) occupy in the optical CMD (see Fig. 2 ) positions compatible with the M 54 RGB (which is roughly represented by the bluer isochrone in the plot). The most metal poor star (#3800204, [Fe/H]=-1.52) lies very near to the M 54 center (∼1 ′ ) and its chemical abundances (Fig. 8) 
Comparison with previous works
Beside the present work, chemical abundances have been presented for Sgr RGB stars by Bonifacio et al. (2000 Bonifacio et al. ( , 2004 , 2 and 10 stars, respectively) and by Smecker-Hane & McWilliam (2002, hereafter S02, 14 stars) . Bonifacio et al. (2004, hereafter B04 ) also considered the two stars studied in Bonifacio et al. (2000) obtaining a final sample of 12 stars.
In Fig. 9 we plotted the [α/Fe] as a function of the iron abundance for the stars in the 3 samples. Stars in our sample are plotted as filled circles, while stars in the B04 and S02 sample are plotted as empty squares and empty triangles, respectively. The mean iron abundance obtained in this paper ([Fe/H]=-0.41) is similar to that of the S02 and B04 samples. The 0.18 dex difference between the B04 mean iron abundance and our figure would be also a little bit lowered (by 0.06÷0.09 dex) by taking into account the different assumption about the reddening (B04 adopted E(V-I)=0.22 from Marconi et al. 1998 ). The different target selection criterion adopted by B04 may also be responsible for the residual difference in the mean iron abundance (∼0.1 dex), which is, nevertheless, well inside the involved errors.
The , we obtain a < [α/Fe] > fairly similar to the S02 figure. The small residual difference (∼0.1 dex higher in the S02 sample) may be partly ascribed to the [Si/Fe] abundances and, possibly, to a different set of lines and atomic parameters adopted in the chemical analysis. Unfortunately, S02 neither provide abundances for each species nor the atomic data, and the adopted line list and this hypothesis cannot be checked further.
Finally, as already stressed in section 3.4, we remark that the Fe, Mg, Ca and Ti abundances of star #3800204 are consistent with the results obtained by B99 for M 54 stars.
Discussion and Conclusions
The main purpose of this paper was to study the chemical composition of the dominant population of the Sgr dSph galaxy. We selected 24 target stars using the 2 MASS infrared CMD, where the upper RGB of Sgr is well separated from the MW field. Target stars have been observed using the red arm of the high resolution spectrograph FLAMES-UVES. We reported radial velocities for these 24 stars and all but one are Sgr radial velocity members. Eight stars show strong or visible TiO bands. For stars with weak TiO bands we present a tentative chemical analysis while we do not present any chemical analysis for stars presenting strong TiO bands in the spectra.
For the remaining 15 stars, we reported Fe, Mg, Ca and Ti chemical abundances. This is the largest sample of high resolution spectra analyzed so far for stars in the Sgr dSph galaxy, and the only sample thoroughly representative of the Sgr dominant population.
The (Monaco et al. 2002) .
In order to obtain a more statistically significant sample, we now join the B04 and our samples. In Fig. 10 The mean [α/Fe] at low metallicities is consistent with the values observed in MW stars (crosses in Fig. 10 , from Venn et al. 2004 ) of comparable metallicities and somewhat higher with respect to stars in the LG galaxies (asterisks in the figure, from Venn et al. 2004) . Therefore, metal poor stars lost as a function of [Fe/H] for stars in the MW and in Local Group dwarf galaxies (crosses and asterisks, respectively, from Venn et al. 2004) . Filled circles are mean points for Sgr obtained joining the B04 sample and our data.
in early passages which now are not recognizable as Sgr tidal debris (Helmi 2004) , would be part of the typical content of the MW Halo and impossible to tag as an accreted component from the chemical composition.
The three metal poor stars in the S02 sample are compatible with MW stars as well. This occurrence led the authors to suggest that the upper mass end of the Sgr initial mass function (IMF) should not be significantly different from the MW one. The level of [α/Fe] which characterizes a galaxy at low metallicities may indeed give information on the IMF of the galaxy at that time (see McWilliam 1997 , and references therein), since the amount of α elements and iron produced by a Type II SN is a function of the mass of the SN progenitor. Although this is true in principle, in practice this information may not be presently extracted. In fact the ratio of the α elements and iron produced by a Type II SN is also a sensitive function of the "mass cut", i.e. the mass coordinate which separates the material of the SN which "falls back" on the SN remnant, from the material which is ejected. The deeper the mass cut, the more iron-peak elements are ejected, thus lowering the overall [α/Fe]. Current SN models are unable to determine the mass cut in a self consistent way or from first principles: the mass cut is always assumed. We do not have either any indication on whether the mass cut is in any sense "Universal" or if it may vary e.g. depending on the mass of the star or on its metallicity. With this state of affairs, any inference on the IMF from the level of the [α/Fe] ratio of a galaxy would be highly uncertain.
The metal-rich Sgr stars lie on the extension to high metallicity of the pattern followed by stars in LG galaxies and below MW stars. A low [α/Fe] at high metallicity is traditionally interpreted as evidence for a slow or bursting star formation rate (S02, B04, Marconi et al. 1994) . On the contrary, in order to reproduce the Sgr [α/Fe] ratios, Lanfranchi & Matteucci (2003) required a high star formation rate. However, they constrained their model using preliminary abundances presented by Smecker-Hane & Mc William (1999) . The somewhat lower [α/Fe] values obtained here and in S02 and B04 should be in better agreement with a lower star formation rate.
Our data suggest that Sgr had a different chemical evolution from both the MW and the LG galaxies (see Fig. 10 ). A different chemical evolution for Sgr with respect to the other LG galaxies is expected, since Sgr experienced strong and disruptive dynamical interactions with the MW. Such interactions are witnessed by the Sgr tidal tails studied by Majewski et al. (2003) and are expected to trigger star formation activity (see, for instance, Kravtsov et al. 2004; Mayer et al. 2001; Zaritsky & Harris 2004) .
Finally, we note that the Large Magellanic Cloud (LMC) metallicity distribution strongly resambles the Sgr one. In fact, Cole et al. (2005) approximated the metallicity distribution of the LMC bar by two Gaussians having [Fe/H]=-0.37±0.15 and [Fe/H]=-1.08±0.46 and containing 89% and 11% of the stars, respectively. The same results hold also for the LMC disk (see Cole et al. 2005) . Clearly, Sgr has the same mean metallicity of the LMC dominant population as well as the same fraction of metal poor stars (see Monaco et al. 2003) . Such occurrence may suggest a similarity of the Sgr progenitor with the LMC. Martin et al. (1988) 
